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ABSTRACT 



A plate yoke has an upper surface formed with a projection 
and a guiding rail. A new magnet block is transported by 
sliding on the upper surface of the plate yoke, and is bonded 
side by side with the projection or a magnet block which is 
already fixed. During the above operation, a magnetic mem- 
ber is held above the plate yoke. Preferably, the new magnet 
block is transported toward a corner portion, with side 
surfaces of the magnet block held parallel to a side surface 
of the projection and a side surface of the guiding rail 
respectively. When the magnet unit and the column yoke is 
connected, the column yoke or the magnet unit is lowered so 
that a guiding rod attached to an end face of the column yoke 
is inserted into a hole formed in the magnetic unit. Further, 
the column yoke is guided by a guiding member disposed 
between a permanent magnet on the plate yoke and a 
position where the column yoke is to be connected on the 
plate yoke. 

11 Claims, 15 Drawing Sheets 




02/13/2004, EAST Version: 1.4.1 



US 6,336,989 Bl 

Page 2 



OTHER PUBLICATIONS 

Patent Abstracts of Japao; vol.012, No. 130 (E-603), Apr. 
21, 1988 (Apr. 21, 1988) & JP 62 256416 A (Sumitomo 
Special Metals Co LTD), Nov. 9, 1987 (Nov. 09, 1987) 
* abstract*. 



Patent Abstracts of Japan; vol. 017, No. 243 (C-1058), May 
17, 1993 (May 17, 1993) & JP 04 371136 A (Hitachi 
Medical Corp), Dec. 24, 1992 (Dec. 24,1992). 

* cited by examiner 



i 



02/13/2004, EAST Version: 1.4.1 



U.S. Patent jan.8,2002 sheet 1 of 15 



US 6,336,989 Bl 



FI 6. 1 




02/13/2004, EAST Version: 1.4.1 



U.S. Patent Jan. g, 2002 Sheet 2 of 15 



US 6,336,989 Bl 



F I G. 2 




02/13/2004, EAST Version: 1.4.1 



U.S. Patent Jan. 8, 2002 Sheet 3 of 15 



US 6,336,989 Bl 



F I G. 3 




02/13/2004, EAST Version: 1.4.1 



U.S. Patent Jan. 8, 2002 Sheet 4 of 15 US 6,336,989 Bl 




02/13/2004, EAST Version: 1.4.1 



U.S. Patent Jan. 8, 2002 Sheet 5 of 15 US 6,336,989 Bl 



F I G. 5 




02/13/2004, EAST Version: 1.4.1 



U.S. Patent Jan. 8,2002 Sheet 6 of 15 



US 6,336,989 Bl 




02/13/2004, EAST Version: 1.4.1 



U.S. Patent Jan. 8, 2002 Sheet 7 of 15 US 6,336,989 Bl 




02/13/2004, EAST Version: 1.4.1 



U.S. Patent Jan. 8, 2002 Sheet 8 of 15 US 6,336,989 Bl 



F I G. 8 




02/13/2004, EAST Version: 1.4.1 



U.S. Patent Jan. 8, 2002 Sheet 9 of 15 



US 6,336,989 Bl 



Fl 6.9 




02/13/2004, EAST Version: 1.4.1 



U.S. Patent Jan. 8, 2002 Sheet 10 of 15 US 6,336,989 Bl 



F I G. 10 




02/13/2004, EAST Version: 1.4.1 



U.S. Patent Jan. 8, 2002 Sheet 11 of 15 US 6,336,989 Bl 



F I G. 1 1 




02/13/2004, EAST Version: 1.4.1 



U.S. Patent Jan. 8, 2002 Sheet 12 of 15 US 6,336,989 Bl 



F I G. 1 2 



2000 



1 500- 

F(N) 

1000- 



500- 




0-I , 1 1 1 1 

0 200 A00 600 800 1000 

D (mm) 



02/13/2004, EAST Version: 1.4.1 



U.S. Patent Jan. 8, 2002 Sheet 13 of 15 US 6,336,989 Bl 



F I G. 1 3 




02/13/2004, EAST Version: 1.4.1 



U.S. Patent Jan. 8, 2002 Sheet 14 of 15 US 6,336,989 Bl 



F I G. 14 




02/13/2004, EAST Version: 1.4.1 



U.S. Patent Jan. 8, 2002 Sheet 15 of 15 



US 6,336,989 Bl 



F I G. 16 




02/13/2004, EAST Version: 1.4.1 



US 6,336,989 Bl 

1 2 

MAGNETIC FIELD GENERATOR FOR MRI, The column yoke is to magnetically connect the pair of 

METHOD FOR ASSEMBLING THE SAME, magnet units, and therefore must be made of a magnetic 

AND METHOD FOR ASSEMBLING A material. Thus, when the column yoke is connected to the 

MAGNET UNIT FOR THE SAME magnet unit, the column yoke is brought under the pulling 

5 force from the magnet unit, making difficult to connect the 

BACKGROUND OF THE INVENTION two at a high accuracy. Likewise, when the second magnetic 

unit is connected to the column yoke already connected to 

1. Field of the Invention me first magnet unit> it fe ^ difficult to connect the two at 

This invention relates to a magnetic field generator for an a high accuracy. 

MRI, a method for assembling the same, and a method for i 0 

assembling a magnet unit for the same. More Specifically, SUMMARY OF THE INVENTION 

this invention relates to a magnetic field generator for MRI , t fa (herefore a ^ ob . of ^ {Q ^ 

incorporating permanent magnets a method for assembling a m - c fidd ^ for MRT a melhod for asscmbli 

the same, and a method for assembling a magnet unit for the ^ samc ^ ft mcthod for asscmbling thc magnct unit for 

same ' 15 the same for assembling the magnetic field generator at a 

2. Description of the Related Art n i gn efficiency through easier assembling operation of the 
A magnetic field generator for MRI uses permanent magnet unit, easier connecting operation and other assem- 

magnets. The magnet used in such an appar atus hav e to be bling operations of the magnet unit and the column yoke, 

madeup^fa plurality of magnet bloclcsTTfis very diffic ult The method for assembling a magnet unit according to 

to place material blocks first and then magnetize each . Thus, 20 this invention is a method for assembling a magnet unit by 

in actual manufacturing, the magnetized blocks must be bonding magnet blocks to a bonding object provided in a 

aligned on a plate yoke so that each of the magnet blocks has surface of a plate yoke, comprising: an applying step in 

a same magnetic pole facing upward. which adhesive is applied to at least a side surface of the 

Conventionally, when placin g the ma g net block s on th e bonding object or a side surface of the magnet block; a 

plate y oke, a surface of the plate yoke^ is first ap plied w ith 25 transporting step in which the magnet block is transported 

adhesive, and tiien^n^ flne t Slo cks are bonded to the surface , by sliding on the plate yoke; and a bonding step in which the 

a T^discioseBFin the Japanese Patent No. 2,699,250 for transported magnet block is bonded to the bonding object. 

exam ple. It should be noted here that the term bonding object as 

According to such a bonding method, upper surfaces of 3Q used here in this document refers to an object to which a new 

respective magnet blocks bonded to the plate yoke surface magnet block is bonded in the surface of plate yoke. For 

are not flush with each other, making an uneven surface. A example, the bonding object may be a projection provided in 

magnetic field generator incorporating the permanent mag- the surface of plate yoke, or may be a magnet block already 

nets made of such magnet blocks is apt to produce ununi- fixed in the surface of plate yoke. 

form magnetic field between a pair of piece poles opposed 35 According to the above method, the magnet block is 

to each other. Further, pole pieces for correcting the unun i- transported by sliding to fit the bonding object, i.e. the 

formity of the magnetic fie ld may be tilted to produc e projection or another magnet block. Then, the magnet block 

ununjformjt yjn the m agnetic field . Generally, af ter a step of is held press-fitted for a predetermined amount of time to 

mounting a pair of j jeraarent magnets : to^Rpse^chother, complete the bonding to a predetermined location. Since the 

a step of a dj ustment for uniformly distributing the ma gnetic ^ magnet blocks are mutually connected side by side, and 

field is ind is pensable. However, if thejmagrtftjto^^are therefore it is not necessary to apply adhesive to the surface 

m ounted according to the. above method, the unujifprmity of plate yoke, the upper surface of the resulting permanent 

of the magnetic field is so large that the adjustment becomes magnet is not likely to be uneven. Further, transportation of 

very time consuming with a lot of sub-steps. the magnet block to the predetermined position can be 

Further, according to the above method of bonding the 45 achieved simply by sliding on the plate yoke, making 

magnet blocks, the magnet blocks each having a very intense possible to assemble the permanent magnet stably and 

magnetism have to be placed from above, onto the upper efficiently. A note should be made here that in order to avoid 

surface of the plate yoke, making extremely difficult to fit a short circuit of the magnetic flux the projection should be 

each of the magnet blocks snugly to adjacent magnet blocks. made of non-magnetic material such as aluminum. 

More specifically, when mounting, each magnet block is 50 Before the magnet block is transported, a first guiding 

held with a face of predetermined magnetic pole facing member is disposed in the surface of plate yoke. Positioning 

upward. When the magnet block is brought above the other of the magnet block for fixation is achieved by bringing this 

magnet block which is already fixed onto the plate yoke, a magnet block into contact with a side surface of the first 

pulling force is generated between the two. Further, when guiding member. By this operation the magnet block is 

the two magnet blocks are brought in adjacency, a repelling 55 accurately placed to the predetermined position. The first 

force is generated between the two. Since the magnet block guiding member may be a pair of rails laid at 90-degree 

to be placed is under such intense forces, the magnet block angle from each other. 

must be firmly held for safety while being transported. For Preferably, a recess should be formed at a place on a side 

a conventional holding mechanism, it is very difficult to fit surface of the first guiding member where two blocks are 

the magnet block snugly to the place of bonding efficiently ^ bonded to each other. The first guiding member must be 

against these strong forces. removed after the permanent magnet has been assembled. 

A pair of magnet units thus assembled as above are then The recess provided in the first guiding member effectively 

opposed to each other so the permanent magnets are faced prevents, when the magnet blocks are bonded by adhesive, 

at a predetermined distance. This process is achieved by first the adhesive squeezed out of the mating surfaces from 

assembling one magnet unit, then connecting a column yoke 65 sticking to the first guiding member, thereby preventing the 

to the magnet unit, and finally connecting the other magnet magnet blocks from being bonded to the first guiding 

unit to the column yoke. member. 
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For easy positioning, a new magnet block is fitted to a permanent magnet opposed to the other. The method corn- 
corner portion formed by side surfaces of a plurality of prises steps of: disposing a second guiding member for 
bonding objects provided on the plate yoke, i.e. a comer guiding the column yoke, between the permanent magnet on 
portion formed by side surfaces of a pair of adjacent magnet the plate yoke and a location where the column yoke is to be 
blocks already fixed on the plate yoke, or a corner portion 5 disposed on the plate yoke; lifting the column yoke above 
formed by a side surface of the projection and a side surface the magnet unit; and disposing the lifted column yoke onto 
of the magnet block fixed directly to the projection. the magnet unit by lowering the lifted column yoke along a 
Especially, the placement of the magnet blocks can be side surface of the second guiding member, 
achieved without misalignment if the new magnet block is Preferably, after disposing the second guiding member 
transported so that a side surface of the new magnet block 10 between the permanent magnet on the plate yoke and a hole 
is held parallel to one of the side surfaces of the corner wne re the column yoke is to be disposed in the plate yoke 
portion, i.e. the side surface of the existing magnet block or f or guiding the guiding rod of lifted column yoke to the bole, 
the side surface of the projection. the positioning of the column yoke is achieved by lowering 

Likewise, when the first guiding member is used, a new the column yoke along the side surface of the second guiding 

magnet block is fitted to a corner portion made by the side 15 member. The step can be performed more efficiently if the 

surface of the first guiding member and the side surface of side surface of the second guiding member facing the hole 

the bonding object, i.e. a comer portion formed by the side is formed to generally fit the side surface of the column yoke 

surface of the first guiding member and a side surface of the as properly positioned for example. When having lifted, the 

projection, or a comer portion formed by the side surface of column yoke is tilted to the vertical axis due to the pulling 

the first guiding member and a side surface of the magnet 20 force exerted by the permanent magnet. By bringing the 

block fitted directly thereto, for easy positioning. Especially, column yoke into contact with the guiding surface of the 

the placement of the magnet blocks can be achieved without second guiding member, the column yoke can be lowered 

misalignment if the new magnet block is transported so that easily onto the predetermined position. The second guiding 

a side surface of the new magnet block is held parallel to one member should preferably have a height not smaller than 

of the side surfaces of the comer portion, i.e. the side surface 25 700 mm. 

of the first guiding member or the side surface of the Another method for assembling a magnetic field generator 

projection. f or MRI according to this invention is a method for assem- 

The other method for assembling the magnet unit accord- bling a magnetic field generator for MRI comprising: a pair 

ing to this invention is a method for assembling a magnet of magnet units each including a plate yoke and a permanent 

unit by disposing a plurality of magnet blocks with a same 30 magnet formed in a surface of the plate yoke; and a column 

magnetic pole facing upward in a surface of a plate yoke, yoke supporting and magnetically connecting the pair of 

comprising steps of: disposing a magnetic member above magnet units, with one of the surfaces formed with the 

the plate yoke at a predetermined distance from the plate permanent magnet opposed to the other. The magnet unit has 

yoke generally in parallel thereto; and transporting each of an upper surface formed with a hole. The method comprises 

the plurality of magnet blocks on the plate yoke, and fixing 35 steps of: lifting the column yoke above the hole; attaching a 

each of the plurality of magnet blocks to adjacent magnet guiding rod for insertion into the hole, to a lower end face 

blocks by bonding. of the column yoke; and connecting the column yoke and the 

When a plurality of magnet blocks are disposed with a magnet unit through guided lowering of the column yoke by 

same magnetic pole facing in a same direction as described 4Q inserting the guiding rod into the hole, 

above, the magnet blocks are apt to be demagnetized by a According to this method, the column yoke can be dis- 

reverse magnetic field acting on each of the magnet blocks. posed to a predetermined position at a high accuracy by 

To avoid this problem, when the magnet blocks are placed, guiding the guiding rod into the hole while the lifted column 

a pole piece as a magnetic member is disposed above the yoke is being lowered. 

magnet blocks. This arrangement allows the pole piece to. 45 Still another method for assembling a magnetic field 

draw the magnetic flux, reducing the reverse magnetic field, generator for MRI according to this invention is a method 

thereby preventing demagnetization of the magnet block. for assembling a magnetic field generator for MRI such as 

Further, if the pole piece is disposed as described above, described above. One of the magnet units above the other 

it becomes posslbTeTo accurately dispose the pole pieceat a has a hole opening at a position where the column yoke is 

predet ermined position simply by lowering the pole piec e 50 to be connected. The method comprises steps of: disposing 

onto thT permanent magnet atter the magnet blocks hav e the column yoke on an upper surface of the lower magnet 

been fixea~ The pole piece, which is a large magnetic unit; attaching a guiding rod to an upper end face of the 

member exerting a very strong pulling force, can be very column yoke; lifting the upper magnet unit above the 

dangerous to the safety of operation as well as very difficult column yoke; and connecting the upper magnet unit and the 

to accurately position to a predetermined location if brought 55 column yoke through guided lowering of the upper magnet 

close to the permanent magnet after the permanent magnet unit by inserting the guiding rod into the hole, 

has been assembled. On the other hand, if the pole piece i s According to this method, when the upper magnet unit is 

disposed above the plate yoke in advance, the operational mounted onto the column yoke which is already fixed to the 

safety is assured as "well as accurate positioning to the lower magnet unit, the upper magnet unit is lifted above the 

predetermined place becomes possible. 6 o column yoke, with the permanent magnet faced downward, 

The method for assembling a magnetic field generator for and then the upper magnet unit is lowered and disposed on 

MR] according to this invention is a method for assembling the column yoke while being guided so that the guiding rod 

a magnetic field generator for MRI comprising: a pair of is inserted into the hole. 

magnet units each including a plate yoke and a permanent During the above step, if a pair of guiding rods each 

magnet formed in a surface of the plate yoke; and a column 65 having a length differing from the other are used, a prelim i- 

yoke supporting and magnetically connecting the pair of nary positioning between the column yoke and the magnet 

magnet units, with one of the surfaces formed with the unit can be achieved by first inserting one guiding rod into 
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the corresponding hole, and then a more accurate position- FIG. 14 is a perspective view of another embodiment of 

ing can be achieved by inserting the other guiding rod into the magnetic field generator for MRI. 

the corresponding hole. FIG. 15 is a perspective view of still another embodiment 

The magnetic field generator for MRI according to this 0 f me magnetic field generator for MRI. 

invention comprises: a pair of magnet units each including 5 perspective view of still another embodiment 

a plate yoke and a permanent magnet made of a plurality of r . ,*^ c *, - w „, 

r i_i i j- j • c r i . i j or the magnetic held generator tor MKI. 

magnet blocks disposed in a surface of the plate yoke; and & & 

a column yoke supporting and magnetically connecting the DETAILED DESCRIPTION OF THE 

pair of magnet units, with one of the surfaces formed with PREFERRED EMBODIMENTS 

the permanent magnet opposed to the other. The surface of in 

the plate yoke formed with the permanent magnet is formed Now, preferred embodiments of this invention will be 

with a projection, and the magnet block is bonded side by described with reference to the accompanying drawings, 

side with the adjacent magnet block or the projection. Referring first to FIG. 1, a magnetic field generator for 

Preferably, the projection is made of nonmagnetic material. MRI 10 as an embodiment of this invention comprises a pair 

According to this invention, the permanent magnet used 15 of magnets units 12, 12a. Each of the magnet units 12, 12a 

for the magnetic field generator for MRI can be assembled includes a plate yoke 14. Each of the plate yokes 14 has a 

efficiently. Further, the magnet unit and the column yoke can surface opposed to the other plate yoke, and this surface is 

be assembled efficiently and accurately. As a result, the provided with a permanent magnet 16, on which a pole piece 

magnetic field generator for MRI can be assembled effi- 18 is provided. Each of the permanent magnets 16 includes 

ciently. 20 a plurality of magnet blocks 20. Each of the magnet blocks 

The above described objects and other objects, features, 20 of the magnet unit 12 is fitted with adjacent ones, with a 
aspects and advantages of this invention will become more same magnetic pole facing upward. On the other hand, each 
apparent from the following detailed description of embodi- of the magnet blocks 20 of the magnet unit 12a is fitted with 
ments when taken in conjunction with the accompanying adjacent ones, with the other magnetic pole facing down- 
drawings. 25 ward. In other words, the permanent magnet 16 of the 

BRIEF DESCRIPTION OF THE DRAWINGS m *f£ l unit X f V*™*™ 1 "TfJZ ° f T 

unit 12a are taced to each other so that dine rent magnetic 

FIG. 1 is a perspective view of a magnetic field generator po i es are opposed to each other, 

for MRI as an embodiment of this invention, with a partial Tfae magQet bk)cks 2Q may be a magnet made from a 

cutaway. 30 ternary system compound Nd — Fe — B composed mainly of 

FIG. 2 is a perspective view of a plate yoke before magnet neodynium (Nd), iron (Fe) and boron (B). Alternatively, part 

blocks are mounted in a step of assembling the magnetic of Nd of me Nc j_p c _B may be replaced by dysprosium 

field generator for MRI as the embodiment of this invention. ( Dy ) while part of the Fe may ^ rep ] accd by cobalt (Co): 

FIG. 3 is a plan view of the plate yoke showing a magnet xh e Nd— Fe— B ^ known as a strong neodynium magnetic 

block being assembled on the plate yoke in a step of the 35 material with a maximum energy product of over 320 kJ/m 3 . 

assembling. It should be noted here that a method for making a rare earth 

FIGS. 4(a) and 4(b) are a plan view of a magnet block magnet is disclosed in detail for example in the U.S. Pat. No. 

being transported when the magnet block is assembled on 4,770,723 specification. 

the plate yoke in a step of the assembling. nc pair of opposc d magnet units 12, 12a are supported 

FIG. 5 is a plan view of the magnet blocks assembled in 40 anc j magnetically connected by four column yokes 22 having 

a quadrantal pattern on the plate yoke in a step of the a circular cross-section, with a predetermined space in 

assembling. between, for example 40 cm to 60 cm . With such a structure, 

FIG. 6 is a plan view of the plate yoke showing another the magnetic field generator 10' is to form an uniform 

example of assembling the magnet blocks on the plate yoke magnetic field in a space between the pair of pole pieces 18. 

in the step of the assembling. 45 n ow> for the above magnetic field generator 10, descrip- 

FIG. 7 is a perspective view showing a primary portion of tion will be made as to a method for assembling the 

a permanent magnet assembling device used in the embodi- permanent magnet 16 by placing a plurality of magnet 

ment in FIG. 1. blocks 20 in a generally disc pattern on an upper surface of 

FIG. 8 is a perspective view of a magnet block holding 5Q the plate yoke 14. 

portion of the assembling device in FIG. 7. Each of the magnet blocks 20 used in this embodiment 

FIG. 9 is a front view, showing a primary portion of includes a plurality (eight, for example) of magnet members, 

another permanent magnet assembling device used in the The magnet member is made by pressing and sintering 

embodiment in FIG. 1. magnetic powder into a general cube having the side of 4 cm 

FIG. 10 is a perspective view of a step of assembling a 55 to 10 cm. Then the plurality of magnet members are bonded 

magnetic field generator for MRI as another embodiment of with each other and magnetized. 

this invention, showing a state when a column yoke is being As shown in FIGS. 2 and 3, the surface of the plate yoke 

connected to a magnet unit. 14 is provided in advanceswith a fixed projection 24 made 

FIG. 11 is a perspective view of a primary portion, of non-magnetic material such as aluminum as a guide, 

showing the above step of assembling. go Further, the surface of the plate yoke 14 is provided with a 

FIG. 12 is a graph showing a relationship between the pair of non-magnetic guide rails 26 each extending radially 

height of bottom surface of the column yoke and the pulling from the projection 24 at an angle of 90 degrees from each 

force of the permanent magnet acting on the column yoke in other. The guide rails 26 are detachably fixed to the plate 

the above step of assembling. yoke 14 by screws. 

FIG. 13 is a perspective view of a state when the other 65 As shown in FIG. 3, a first magnet block 20 is transported 

magnet unit is being connected to the column yokes in a step on the plate yoke 14 along a straight line equally dividing an 

of the assembling. angle between the projection 24 and one of the guide rails 
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26, i.e. the line making a 45-degree angle a shown in FIG. block 20 is bonded to the guide rail 26, it becomes difficult 

3, and is disposed at a position shown by broken lines in to separate the two. For this reason, as shown in FIG. 6, 

FIG. 3. The magnet block 20 is transported by sliding while recesses 26b are formed in the side surface of each of the 

being magnetically fitted to the plate yoke 14. When the guide rails 26. The recesses 26b are formed at places where 

magnet block 20 being moved comes within a predeter- 5 two magnet blocks 20 meet on the side surface of the guide 

mined distance (e.g. 5 cm to 10 cm) from the projection 24, rafl 2 6. With such an arrangement, when a new magnet block 

the transportation is stopped, and adhesive (e.g. an acrylic 2 0 is pressed against a magnet block 20 which is already 

adhesive) is applied to a surface of the projection 24 to be fixed eveQ d the adhesive sandwiched the mating 

fitted by the magnet block 20. However, the adhesive is not SUffaces ^ ^ me adhesive does QOt feach |he 

applied to a side surface of the guide rad 26. T^en, trans- w ^ {in the m , b , ocks 20 from bei 

portation is resumed to press the magnet block 20 to the ~ . , t ' r . , & 

projection 24 to achieve The bonding. Toe magnet block 20 bonded t0 the S u,de 26 - 

is held pressed against the projection 24 for a predetermined The assembling of the permanent magnet 16 as has been 

amount of time so that the adhesive become hardened to described above is performed as follows by using an assero- 

bond the two members. It should be noted here that for better bling device 30 for example shown in FIG. 7. 

positioning accuracy of the magnet block 20, the magnet 15 As shown in FIG. 7, the assembling device 30 includes a 

block 20 should be transported as shown in FIG. 4(a), with base 32. The base 32 has an upper surface provided with a 

an angled corner 20a facing ahead so that side surfaces 20b, turning table 34. The turning table 34 can turn in a direction 

20care respectively parallel to a mating side surface 24a of shown by arrow A around a vertical turning shaft (not 

the projection 24 and another mating side surface 26a of the illustrated) at a center. The plate yoke 14 is mounted on the 

guide rail 26. 20 mrnillg ta5!e 34 

The projection 24, bonded by the magnet block 20, ^ • . , ~- , . . <w 

. r J J . t to ... Jne turning table 34 abuts on a transporting means 36. 

remains as part of the apparatus after the assembling is ^ . J: ~ c . , , J ° .. . , , 

ltTT r . \? • ^ ^a- *• The transporting means 36 includes a transportation table 

complete. However, since me projection 24 is no n- magnetic, _ 0 A r ~ . A _ 0 . . „ . r . 

r a . , 1 , • * 4 < r« f. 4 . 38. The transportation table 38 is held flush with the upper 

magnetic flux is not short-circuited. Thus, the fixation of the r r . r , A , „ . . . . t ~ A J~ 

magnet blocks 20 can be completed without reducing the 25 surface of . the 14 on the tu ™ u « iMt ? 4 ' ^ 

intensity of magnetic field generated between the magnet transportation table 38 has an upper surface provided with 

units 12 and 12a after the assembling. Further, use of an ™ 40 navin g a forward end provided with a holding 

aluminum for the projection 24 advantageously enhances the portion 42. 

bonding by acrylic adhesives. Following the above step, a The transporting means 36 can move laterally, vertical to 

similar cycle of steps are repeated for transporting and fixing 3Q the axis of the arm 40. The arm 40 engages with the 

other magnet blocks 20 respectively to a comer portion transportation table 38 so that the magnet block 20 held by 

made by the projection 24 and the other guide rail 26, a the holding portion 42 is transported axially of the arm 40. 

corner portion made by the side surface 26a of the guide rail The holding portion 42 has a structure shown in FIG. 8. 

26 and a side surface of the previous magnet block 20, and Specifically, the holding portion 42 includes a frame mem- 

a corner portion made by side surfaces 20d and 20e of a pair 35 ber 44 having a pair of side walls 44a, 44b, and a pair of 

of mutually adjacent magnet blocks 20. Again, in these side-pressing hydraulic cylinders 46a, 46b respectively face 

particular steps, as shown in FIG. 4(b), each of the magnet to the side walls 44a, 44b. The holding portion 42 has an 

blocks 20 is transported with the side surfaces 20b, 20c held upper surface provided with a downward-pressing hydraulic 

parallel to respective side surfaces which make the mating cylinder 48 for pressing the magnet block 20 held by the 

corner portion. Through the above steps, as shown in FIG. ^ holding portion 42 in a downward direction. The frame 

5, the magnet blocks 20 are placed within a quadrant made member 44 can be raised by a hydraulic lifting-lowering 

by the pair of guide rails 26 as the radii. In each case, the cylinder (not illustrated). 

corresponding side surface portion of the guide rails 26 is ^ magnet block 2Q ^ &Hd on ^ phte ^ u wfaile 

not applied with the adhesive, and only the corresponding c i ampcd by the side walls 44^ 44^ of thc frame 

side surface of the magnet block 20 is applied with the 45 member 44^ and the s ide-pressing hydraulic cylinders 46a, 

adhesive. 4^ yfo cn bonding the magnet block 20 to a magnet block 

When a first quadrant has been covered by the magnet 20 which is already bonded and so on, the magnet block 20 

blocks 20, one of the fixed guide rails 26 (i.e. the right rail held in the transporting means 36 is pressed downwardly by 

in FIG. 5) is removed and fixed to a position shown by the m e downward-pressing hydraulic cylinder 48. This prevents 

broken lines in FIG. 5. Then, the same cycle of steps as 50 the magnet block 20 from being floated by the repelling 

described above is repeated to place the magnet blocks 20 f orce acting between the magnet block 20 itself and the fixed 

again in the quadrantal pattern fitted to the existing qua- magnet block 20. Meanwhile the frame member 44 is raised 

drantal pattern of the magnet blocks 20. to CX pose two bonding surfaces of the magnet block 20. 

Likewise, the above set of steps is repeated for filling each When the adhesive has been applied to both (or only one) of 

quadrant with the magnet blocks 20, to assemble the per- 55 the exposed surfaces of the magnet block 20, the magnet 

manent magnet 16 into a generally disc shape. block 20 is pressed and bonded against mating surfaces by 

It should be noted here that as has been understood from the side-pressing hydraulic cylinders 46a, 46b for a prede- 

the above description, the plate yoke 14 and the magnet termined amount of time while the magnet block 20 is still 

blocks 20 are not directly bonded together. However, the being pressed downwardly by the downward-pressing 

magnet blocks 20 surrounding the projection 24 are bonded 60 hydraulic cylinder 48. 

to the projection 24, whereas any adjacent pair of magnet While the above operations are performed, the pole piec e 

blocks 20 are bonded to each other by the side surfaces. 18 is kept above the plate yoke 14. The pole piece 18 isji eld 

Further, each magnet block 20 strongly pulls the plate yoke above the plate~y6k e' 14 bynsing a lift 50 shown in FIG. 9 

14. Thus, all the magnet blocks 20 will be in proper for example. The lifr50~includes a lift base 52 . TheJifi base 

alignment after the assembling is complete. 65 52 is vertically movable by turning threaded drive shafts 54. 

It should also be noted here that the adhesive used for The lift base 52 has a Inwpr su rface provided wi th ftnldin fr 

fixing the magnet blocks 20 is very strong. Once the magnet portions 56 . T he pole piece_I8_Js fixed to the holding 
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^portions 56 by bolts 5 8. The pole piece 18, which is mai nly and efficiently. The guiding member 62 has a pair of side 

made of mag netic iron, draw magnetic flux generated by t he walls making a generally L-shaped section for example, and 

magineTSlocks 20 which are already bondec f " is placed so that these side walls will contact a side surface 

"~ By providing the pole piece 18 above the plate yoke 14 as of toe column yoke 22 as properly assembled. The column 

described above .the operating point of the permanent m ag- 5 yoke 22 should be first lifted right above the point of 

net 16 which is bein g assembled nan he raised, reducin g fixation, i.e. above the connecting portion 14a, and then 

demagnitization of the m a gnet block 20 which is alrea dy lowered right into the place of fixation. Thus, the height of 

fixed _and o f the ma g ndTbiock^O which is being bonded. the guiding member 62 is determined taking into account the 

jjurtber, wh en _the magnet block 20 held by the holdi ng intensity of the magnetic field of the permanent magnet 16, 

portion 42 is being bonded , an up per end of the downw ard- 10 shape of the column yoke 22 and so on. 

pressing hydrau lic cylinder 48 ma y_be_pressed,against_a It should be noted here that as will be understood from the 

l ower surface of the pole piece 18 held La bove. holding stab lv above description, the guiding member 62 must be placed 

the mag net block_2 0. closely to the permanent magnet 16, and therefore should be 

Further, after completing the fixation of the magnet block s made of a non-magnetic material such as aluminum. 

20, the pole piece 18 is then m ounted t o the permanen t 15 However, when the column yoke 22 is being placed, the 

magnet 16 by simply lowering tKe^pble piece IS Irom th e intense pulling force acting on the column yoke 22 exerted 

position where it has' been held. On the other hand, it is *>y the permanent magnet 16 makes the column yoke 22 

extremely difficult to move the pole piece 18 onto the contact and seriously wear off or deform the aluminum 

permanent magnet 16 from elsewhere after the magnet guiding member 62. For this reason, the guiding member 62 

blocks 20 have been fixed. According to the present method, 20 is made of aluminum but clad by stainless steel for example, 

however, it becomes possible to easily mount the pole piece Further, as shown in FIG. 10, a guiding rod 64 is attached 

18 onto the predetermined position. to the lower end face of the column yoke 22 to be placed, 

Still further, when the magnet block 20 is bonded for whereas the connecting portion 14a of the plate yoke 14 is 

example, the pole piece 18 is held approximately 5 cm above formed with a matching hole 60 for receiving the guiding 

the upper surfaces of the magnet blocks 20. Meanwhile, the 25 rod 64. This makes possible to place the column yoke 22 into 

upper surface of the downwa rd-pressing hydraulic cylind er the connecting portion 14a easily and accurately. The guid- 

48 of the holdin g portion 42 a is pressed against jhe lower ing rod 64 is detachably mounted to the column yoke 22. 

surface_of_the_.pole..piece„18. This^ o peration eff ectively The guiding rod 64 is made longer than the thickness of the 

c ounter parts the .re pellin g force actin g between the ma gnet plate yoke 14 so that the guiding rod 64 can be easily 

Slock 20~ held by the holding portion 42 and the ma gnet 30 removed from the column yoke 22 after the column yoke 22 

blocks 20 already fixed to the plate voke_14, makingpossible is positioned to the connecting portion 14a. 

to easily fix the magnet block 20 onto a predetermi ned With the above arrangement, the column yoke 22 is lifted 

position on the plate voke_ 14. by a crane for example, so that the end face attached with the 

Now that the surfaces of the plate yokes 14 are covered by guiding rod 64 is pointing downward vertically. The column 

the permanent magnets 16 and mounted with pole pieces 18, yoke 22 is then lowered while the guiding rod 64 is inserted 

description will be made as to a method of assembling the into the hole 60 so that the column yoke 22 is positioned 

pair of magnet units 12, 12a with the column yokes 22 in right on the connecting portion 14a. After the column yoke 

between. 22 has been properly positioned, the guiding rod 64 is 

First, a column yoke 22 is disposed at each of four corner removed from the lower end face of the plate yoke 14, and 

portions of the plate yoke 14 of the magnet unit 12 according the column yoke 22 is fixed to the plate yoke 14 by bolts (not 

to the following steps. illustrated) for example. 

Specifically, in order to create an uniform magnetic field The guiding rod 64 and the guiding member 62 as 

between the pair of pole pieces 18 by the completed mag- described above can be used independently from each other, 

netic field generator 10, the permanent magnets 16 must be 45 However, use of both as shown in FIG. 10 can further 

away from the column yokes 22 by a certain distance. When facilitate operability in the assembling step, 

the distance is large, the magnetic field formed between the It should be noted here that in an actual assembling, the 

pole pieces 18 will be more uniform. However, this will guiding rod 64 is guided into the hole 60 manually by human 

make the apparatus heavier. For this reason, in the magnetic while the column yoke 22 is being lowered. Thus, if the 

field generator 10 designed for placing a whole body of 50 pulling force from the permanent magnet 16 to the column 

human between the pole pieces 18, the distance between the yoke 22 is very strong, positioning the column yoke 22 can 

permanent magnet 16 and the column yoke 22 is conven- be very difficult, significantly deteriorating operability. 

tionally set to 100 mm~300 mm. The height of the guiding member 62 shown as L 2 in FIG. 

With such an arrangement as above, the column yoke 22 11 must be larger than a height of the pole piece 18, as 

is lifted by a crane (not illustrated) for example and sus- 55 evident from the purpose it serves. According to the mag- 

pended with one of the end face pointing downward. The netic field generator 10 of this particular embodiment, the 

column yoke 22 is then lowered onto a connecting portion length of the guiding rod 64 is 500 mm, L3 is 300 mm, 

14a (see FIG. 10) of the plate yoke 14. whereas the thickness L 4 of the plate yoke 14 is 300 mm. 

There is a problem here. Specifically, since the column FIG. 12 shows a relationship between the height D of the 

yoke 22 is magnetic, the column yoke 22 is pulled by the 60 lower end face of the column yoke 22 held above the 

permanent magnet 16 when brought closer to the permanent connecting portion 14a and the pulling force F of the 

magnet 16, and therefore it is difficult to dispose the column permanent magnet 16 acting on the column yoke 22. The 

yoke 22 onto the predetermined position. magnetic flux density near the permanent magnet 16 is 0.1 

For this reason, as shown in FIG. 10, a guiding member tesla-0.2 tesla. Thus, as understood from the FIG. 12, with 

62 is provided between the permanent magnet 16 and a hole 65 L 2 being 300 mm, the column yoke 22 being lowered can be 

60 on the plate yoke 14, for guiding the column yoke 22. under a pulling force of nearly 1000 N. When the column 

This makes possible to place the column member 22 safely yoke 22 is lowered, in order for the suspended column yoke 
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22 to be manually guided onto the predetermined position 
without being excessively pulled by the permanent magnet 
16, the pulling force from the permanent magnet 16 to the 
column yoke 22 must be controlled to approximately 200 
N-300 N, which means the height L a must be greater than 5 
300 mm. Judging from FIG. 12, a preferable height Lj of the 
guiding member 62 is 700 mm or greater. 

With the height L x selected as above, the column yoke 22 
can be guided manually to the predetermined position, thus 
the operability is improved. 

After the column yokes 22 are connected to the magnet 
unit 12, the other magnet unit 12a is connected to the other 
ends of the column yokes 22 to form a magnetic circuit. For 
this operation, the magnet unit 12a to be connected is held 
with its pole piece 18 facing downward, above the column 
yokes 22 already assembled to the magnet unit 12. 

As shown in FIG. 13, a first guiding rod 66 and a second 
guiding rod 68 are detachably mounted to the end face of the 
column yoke 22. Further, matching holes 70, 72 are formed 
in advance at each of the four corner portions of the plate 
yoke 14 of the magnet unit 12a respectively for guiding the 
first and second guiding rods 66, 68. It should be noted here 
that the first guiding rod 66 is made longer than the second 
guiding rod 68. Specifically, when the lifted magnet unit 12a 
is lowered by a crane for example, the hole 70 is guided to 
the first guiding rod 66 of the column yoke 22 as a 
preliminary alignment of the magnet unit 12a to the column 
yokes 22. Next, the magnet unit 12a is lowered further to 
guide the second guiding rod 68 into the hole 72 to complete 
the placement of the magnet unit 12a onto the column yokes 
22. Though not illustrated here, a guiding member similar to 
the guiding member 62 used when the column yokes 22 are 
connected to the magnet unit 12 should be provided in the 
magnet unit 12a for more improved efficiency in the assem- 
bling operation. 

Since the pair of magnet units 12, 12a are pulling each 
other, any relative misalignment between the two is difficult 
to be corrected afterwards. On the other hard, according to 
the method described above, it becomes possible to accu- 
rately place the magnet unit 12a. After the placement of the 
magnet unit 12a is complete, the guiding rods 66, 68 are 
removed from the upper face of the plate yoke 14, and each 
of the column yokes 22 is fixed to the magnet unit 12a by 
bolts or other fasteners. 

It should be noted that this invention is also applicable to 
other magnetic field generators such as a magnetic field 
generator 10a shown in FIG. 14 which uses two column 
yokes 76 for connecting a pair of magnet units 74 each 
provided with a permanent magnet 16 and a pole piece 18; 
a magnetic field generator 10£> shown in FIG. 15 which uses 
two column yokes 80 for connecting a pair of magnet units 
78 each provided with a permanent magnet 16 and a pole 
piece 18; and further to a magnetic field generator 10c 
shown in FIG. 16 which uses one column yoke 84 for 
connecting a pair of magnet units 82. Although each of the 
permanent magnets 16 is illustrated as a solid disc in FIGS. 
14 and 15, each is an assembled magnet in which a plurality 
of magnet blocks are assembled into a generally disc shape 
similarly to the permanent magnet 16 used in the magnetic 
field generator 10 according to the above embodiment. 

It should be noted here that in the step of applying the 
adhesive, this invention is not limited to the case where the 
application of the adhesive is made to the side surfaces of the 
already fixed magnet blocks 20 on the plate yoke 14 and the 
side surface of the projection 24. The application of the 
adhesive may be made to side surfaces of the magnet block 
20 to be mounted. 

Although this invention has been described and illustrated 
in detail, it is clearly understood that the same is by way of 
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illustration and example only and is not to be taken by way 
of limitation, the spirit and scope of this invention being 
limited only by the terms of the appended claims. 

What is claimed is: 

1. A method for assembling a magnet unit by bonding 
magnet blocks to a bonding object provided on a surface of 
a plate yoke, comprising: 

an applying step in which adhesive is applied to at least 
one of a side surface of the bonding object and a side 
surface of the magnet block; 

a transporting step in which the magnet block is trans- 
ported by sliding on the plate yoke; and 

a bonding step in which the transported magnet block is 
bonded to the bonding object. 

2. The method according to claim 1, wherein the trans- 
porting step includes a sub-step of transporting the magnet 
block to fit into a comer portion formed by side surfaces of 
a plurality of the magnet blocks. 

3. The method according to claim 2, wherein the method 
further comprises a step of transporting the magnet block 
toward the corner portion, with the side surface of the 
magnet block held parallel to a side surface of the bonding 
object forming the corner portion. 

4. The method according to claim 1, wherein the method 
further comprises a placing step in which a first guiding 
member is placed on the surface of the plate yoke; and 

wherein the transporting step includes a sub-step of 
positioning the magnet block by fitting the magnet 
block to a side surface of the first guiding member. 

5. The method according to claim 4, wherein the trans- 
porting step includes a sub-step of transporting the magnet 
block to fit into a comer portion formed by the side surface 
of first guiding member and the side surface of the bonding 
object. 

6. The method according to claim 5, wherein the method 
further comprises a step of transporting the magnet block 
toward the corner portion, with a side surface of the magnet 
block held parallel to the side surface of first guiding 
member forming the corner portion or the side surface of the 
bonding object forming the corner portion. 

7. The method according to one of claims 4 to 6, wherein 
the first guiding member is provided with a recess, the recess 
being formed in the side surface of the first guiding member 
at a place where two magnet blocks are mutually bonded. 

8. The method according to one of claims 1 to 6, wherein 
the bonding object includes at least one of a projection 
provided in the surface of the plate yoke and a magnet block 
already fixed in the surface of the plate yoke. 

9. The method according to claim 8, wherein the projec- 
tion is made of non-magnetic material. 

10. A method for assembling a magnet unit by disposing 
a plurality of magnet blocks with a same magnetic pole 
facing upward in a surface of a plate yoke, comprising steps 
of: 

disposing a magnetic member above the plate yoke at a 
predetermined distance from the plate yoke generally in 
parallel thereto; and 

transporting each of the plurality of magnet blocks on the 
plate yoke, and fixing each of the plurality of magnet 
blocks to adjacent magnet blocks by bonding. 

11. The method according to claim 10, wherein the 
magnetic member is a pole piece, and the method further 
comprises a step of lowering the pole piece to place the pole 
piece onto the disposed magnet blocks after the step of fixing 
the magnet blocks. 
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